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ABSTRACT

NASA’s New Millennium Prograni(NM 17 1, @ space flight technology demonstration program
that will validate the technologies nccded o carry out the science missions [hat NASA envisions for
the 21 St century. The NMP is cinployin: aninnovative decision- making process to select the
specific technologies that will beflightvalidated  Firstit has articulatcd NASA’s vision of carth
and space science exploration for the neateentul y, then it has defined the capabilities needed to
execute that vision, and finally it willsclec | and demonstrate revolutionary technologies that
provide those capabilities. This paper will di scu ss the investiment necded to lay  the technological
groundwork for future tow-cost, highly capable missions, the capabilities required for these
missions, and the t}mc-phase piocess thsithe NMP has devised t hiough which high pay-off
technologies are selected by the prograni fonlip tht validation. 1t will show how a broad suite of
revolutionary technologies, recominended inan inatial phase by its Integrated Product Development
Teams, will be narrowed down to afialoptimi | mix by subjecting them to a rigorous sclection
criterion, and eventually accepted and deliv cied for test flight. Through this process, the NMP will
chsure that technologies chosen Willtiuly bl its sciclice.-driven Vision of space exploration in
the new millennium.

INTRODUCTION

Technology Investment:

NASA has taken a bold and far- sighted sicp to scriously invest in revolutionar y technology for the
future with its Ncw Millennium Progiaim(NM '), 1 ntoday ’s fiscal environment, where
government funds arc so constrained, and 11 political and public focus is on curbing government
spending, it is difficult to convince the pueidians of the treaswt y to invest in building a
technological infrastructure for the countiy s spac program that 1 My not pay Off untilten to fifteen
years in the future.  This situation is Tutil 11.- 1 complicated in thatthe societal benefits in terms of
return on investment for a technologyare extriemely difficult to evaluate. In general, one can
estimate the dative value of onctechnology thy cornpating it to another, particularly in a very

closely related discipline. But comparing thcvaiue of, say, onc computer technology to another is
a much casier task than compating it 1o the vislue of a welfare program, or a similar soci al

investment.

The future well-being of thecounty ties bothin the stiength of its industrial and
technologicalinfrastructure and inthe strengit ot its social programs, and there is a need to invest
wisely in both. Butthe balance to bei ca bed i deciding how much money to spend on each is
aways difficult. While both are to be concidered @s investments in the future, we are more aware
of and affected by the shortcomings of the cow i try’s social progt ams in our everyday lives. The
deficiencics in the country’s techimological inf 1 astructure, however, are only @l sparent on an
international Ievel, when wc have (o compte Wit I other countries inthe global economic market.

The purpose of the New MillennimnProgrant isto demonstiate and validate  revolutionary
technologics, in a series of flights thatwillb. laiinched annually starting in 1998, to enable a new
crain space flight. These technologicsare expected to lay the groundwork and help build the
technological in frastructure for NAS A's spuce exploration and carth observation missions in the




21 stcentury. The vision articulated by NM ' 15 one of frequent Jaunches of space.mafl that arc
considerabl y more capable and less experisive thinthose of today.

In addition to the valuc of a1 ¢cw technology being hard to measure, the value of
demonstrating a space technology tilt oughilight- validation is highly debated issue as well. While
it may be the most expensive way to test i technology to ensure that it works and is ready to be
incorporated into science missions, it is @lsoy ¢ most comprehensive and thorough means of
testina the. technology’s state of development and i level of readiness.  On the other hand, many
features of the new technologics jyy,y be adequite ly demonstrated and tested o the ground, both
functionally and environmentally, so the cost vatlue Of the space flight demonstration 1S often
difficult to assess.

With other technology-valjdation progains, echnologies are selected for flight-validation
by evaluating the technology’s state o f developrn ent, emd considering whether or not space flight
validation is nceded to further it along its development path.  The decision for selection of a
technology is often pyyde without a clewm understanding of that technology °g relevance 10T mission
application, and the process seems to be one of asolution looking for a problem. With the Ncw
Millennium Program, this situation is bcing avodedin the following manner: W have first
articulated our vision for missions forthe 2! S teentury, then specificd the capabilities needed to
execute that vision, and finally are selecting teehmologies that will provide the capabilitics and, in
turn, enable our science Vi sion, In this way. the technologics we select arc a solution to the
problem. Tn other words, they are roblen: driven technologies. So while the NMP is considered
atechnology program, it is inreality a scicnice technolog y-needs -driven program. See Figure 1.
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Science Vision for the 21st Century
The science vision for the 21 st century, as wriiculated by (he NMP, focuses on NASA’ ¢ Earth and

Space Scicnce Program needs. In this context. these cardinal points arc identified:
. Afleet of individual spacect aft to ex iend ow 1ange of targets
. Constellati ons to study dynamic gystems and provide global coverage

e New mcasurement techniques to extenit our scientific horizons
Our science yigjon includes sending neiworks of landers to Mars and Venus, clusters of

probes mapping planctary ionospheres sndinag hetospher es , and spacecraft returning sample from
asteroids and comets. Also, we sce flects of spacecraft exploring a diversity of targets such as




Pluto, the heliopause, and beyond.  Constelbations and networks of  spacecraft will address
dynamic and complex Systems. Forexample, asingle lander can tell you about the Weather at one
spot on a planet, but to characterize the dynamic climate of @ planet, a network of landers is
nceded.  Similarly, a single scismomcter vill indicate @ planctquake, but a network of
seismometers can USC planctquakes to e asuic the size of a planctary core.  Wc need multiple
spacecraft to go beyond our initial reconnaissance to completely characterize dynamic systems the
way we arce able 10 on the surface of the Farth

An example of ahigh-priority nussiontoexploretheuniverscis a free-ffying interferometer
constellatio n capable of imaging cxtiasolar plancts (sce Yigure 2---attached). Such a constellation
could detect Earth-like plancts and provide information that wounld clarify the origin and evolution
of planetary systems in general.

Based on a widcly spaced constellation o) thre:c ormore spacecraflt with precision formation
control, this mission would requite precision pointing and control of a constellation, nanometer-
scale interspacecraft. metrology, and accuraie station keeping.  Quict spacecraft structures, low-
thrust propulsion, and low-mass, high-quality optics arc also n ecded capabilities to implement a
free-flying, interferometer.

Comet-sam ple return missions also jorn: acategory of high-priority missions focused on
out sol 17 gystems and grouped within the unifying theme of “Our Planctary Neighbors.”
Characterizati on of the primitive matena Is of which comets are composed will shed light on the
originand evolution of the solat systern. ‘The envisioned mission implementation includes the
selection of an appropriate landing silt following at | orbital survey, in-situ study, selection and
collection of local samples, and return of sam ples to Earth through a direct atmospheric entry.

To carry out such amission, advances ill autonomous op crations, low-mass st ructural
materials and high, specific impulse propulsion Will be required.  High-capability, low-mass
onboard computers and new approaches to sa naple handling and preservation are also n ceded
capabi Litics.

From the Vision to the Capability to the Technologies

Increased capability, reduced cost, and ma casec flight rate will be achieved by using small launch
vehicles thatare enabled by microspacecratand microinstruments. It will also be necessary to
have shorter flight times and to decrcase the size of missions operations staff through the use of
intelligent flight systems.

A Roadmap For Microspacecraft Dovelopiment: We couldieduce spacecraft mass and
reduce COStS by miniaturizing spacect aft components.  However, miniaturization alone would
reduce our capabilitics to obtain the scicnee dutasequined to fulfill our vision for the 21st century.
Through the infusion of new technologics, suchas innovative architectures and highly capable
microdevices, we can develop new concepts that will actually increase our capabilities beyond what
is currently possible, while simultanicous]y reduding our mission costs.

Spacecrafl Mass Decreasc: Becunse of the importance of bringing down spacecraft
weight through the New Millennivm Progi am, pehartillustrating how spacecraft mass has evolved
over time was developed, showing the historical increase of spacecraft mass during the 1960s,
1970S and ] 980S, and the start of deeycasingspacceraftimass in the late 1980s and carly 1 990S (SCC
Figure 3---attached). Projections forthe futul e clearly show a rapid decrcase in mass, made
possible by a dramatic recuction in the size of dixital elect1 onics, and a concurrent increase in their
capability.

Capable Microspacecraft Fli ght Avionics New  chip  technologies  allowing  three-
dimensional stacking of microclectt on ice e exaruples of emer ging technologies that can
significantly reduce the mass and sizc of spac. craft subsystems.  Thisnew approach reduces
multiple cards of clectronics to single - chip stacks and can be applicd to some of the massive
spacecraft subsystems including onb oard cornputing, power, and telecommunications systems.
These novel stacking and  interconnected  technologics  enable  new  integrated  computing
architectu res and automated designincthodologies, p 1omising reduced design costs.  In
comparison to the Mars Pathfindei flight ¢ o puter, this technology reduces the miss and volume
by a factor of 100, with a 20-fold reduiction in power, Whi le enhancing, the onboard capabilit y.




Instrument M injaturization:  Small spaceeraft requite  smaller instruments. Orders o f
magnitude reduction ininstrumentmiass ar 11, 11 01 11 me are anticipated thOugh e infusion of new
miniaturization technologies. A typicalinsly wment deployed during the “flagship” era is the
Microwave Limb Sounder carricd by the U pper Atmosphere Rescarch Satellite, launched in 1991
(see ¥igure 4---attached). At 250 kg.itiower~ over the human in the picture. in contrast, the
Planetary Integrated Camera Specti onnctet. it corporat ing. multiplexed forcoptics, low-mass
composite structures, and advanced fochplacie tc-chnologies, has amass of only 5 kg.

Emerging microclectror neclymical syste 11s (MEMS) technology promises orders of
magnitude reductions in the sizc of o var ity « Hf instruments for space exploration and Earth
observation. lollowing inthe f0OLS (¢ of the ni croelectionics ievolution, this technology extends
on-chip capability beyond clectronics to mclude mechanical and optical capabilitics.  MEMS
technology enables new classes 01 niicioinstim hents that make in- situ measurements a practical
alternative to costly sample return for a vin ivty ofinal yticineasurements of planetary surfaces and
atmospheres, as well as small-body investgations.

Future instruments incorporating MEMS, permitling on-chip integration of sensors and
electronics, will reduce some instruments toiner grams inweight. A concept for a complete free-
flying magnetometer with onboard power,datajnocessing, and telecommunications, Sees a mass
of only a1()() grams. The realization o such ™ *spacecr aft - on-a- chip” concepts will enable swarms
of frc.c-flyers capable of mapping complexind (1\ namic systems inspace.

Integrated microsensor packages a ¢ alsy small ¢nou gh to be deployed as networks of
microlanders and orbiters offering {1,1()1 »i 1 plarwtary coverage.  Forexample, a network of
microscismomelters can provide information on global scismometr y and could map the interior
structure of plancts. Similar] y, networks ofiictometcorological sensors such as pressure sensors
and hygrometers can be used to investigate planctany climate and complex atmospheric dynamics.

Capabilities

Once having identificd, in the broadest sense, the technologics needed to carry out 21st century
space missions, il becomes necessary (0 groupthirminto certainkey arcas and begin their focused
development. To this end, Integrated Praduct 1evelopr nent 1 cams (1IPIYTs) have been formed
within the NM]’.  The integrated product (1 -velopmentteam concept IS one that has been used
highly successfully within private industiy , andrevolves around fornation of a team with cross-
departmental representation within acorlpiiny. } o1example, automotive companies have brought
together members from their design, sal cs manulacturing, andstrategic planning departments to
work together making concurrent decisions to de fine and manufacture afinal product.

‘1’bough such cross-sectional representation has nottraditionally been used to develop a product---
designand sales departments, forinstance, tiave widely di ffering views of what a customer wants
and how much he’s willing to pay  -cach depatiment’s individual input is vital for the success of
the productin the marketplace, and 1P piovide the mechanism for getting the best input and
expertise simultaneously to influcnce how @ piorduct is developed. 3 hose companies that have
use(1 11'11'1's to manufacture low-cost reliable, anid thus highly desirable products find that their
competitive. edge in the market isincreascdanel ttiey aic able to operate very cffectively.

Onc objective of the NM21’ has beento i mpnove the working relationships among - government,
industry, and academia in the developmentandapplication of technology; it isusing the concept of
IPDT's in a similar manner as privatc imdustiy, batto bring together representatives from  different
Sect 01's of t hecountry.  Justas private 1nidnshiy ases 11'1)'1's to increase its competitive edge inits
particular area of the market, this countincenuse NASA’s NMP’s IPDYTs to increase its
competitive edge in the area of globul space exploration.

In implement ing this concept, 11'11'1’s {cnthe Nh41' were formed around six key areas of
technology:

1) Autonomy



2) Microclectronics

3) T'elecommunic ations

4) Instrument Technolog ics and Architectares

4) in-Situ instruments and Microl lcctroNicechanical Systems (M ({MS)
5) MAMS

These teams were then tasked to identily a broad suite of revolutionary technologics and  sel ect
certain high-priority candidates in the intisl phawc of technology selection; to develop a roadmap
for each of those technologies; to bring mc ambhers from industry, government, and academia
together within the teams; to spawn furihic:partacrships with industry; and finally to deliver the
technologics for flight validation.

The IPDTS were formed in August/Scpteiber 1995 and have been working with great success
ever since.  Initial, startup issues such as membership, ficquency of ineetings, and so on were
wotked out by the teams themselves witlh Iitde ¢iection from the Program Office. The teams arc
self-govcrnillg and have provedhighly effcciive in carrying out theircharge.  Each IPDT has a
representative within each of NMP s mission Flight Teams for those technologies which are
selected to be validated on a given flight. This anangement 1S shown schematically in Figure 5---
attached)

Unlike IPDTs in private industry, where thereis no contactamong, different teams, a working rule
of the NMP IPDYTs isthat there be interaction imong the tcams. Thoughthe 1} '1)3'sin NMP focus
primarily on their own scope of technolngics they aso interact with cach other where their
technologics are interdepen dent. Yor example, the software concepts which are developed by the
autonomy team must be implemented and exented on the hardware which comes from the
microclectronics team,  Cross-fertilization innong teams is facilitated through workshops and
roadmapping,.

At the program level, there are two annual workshops. The NMP Annual Technology Workshop
is conducted each spring for al intcrested micinbos of the government, industry, and academia. At
the workshop, the overall program planis discussed, as arc the validation flights, flight results,
and plans for the future direction of the progiam  Fach 1} "1)' 1" presents the latest version of its
roadmap, and its fright plans and fhightresults to date. This workshop has a large attendance, with
participants from the NMP program office, thie 1} '1)-I's, industry, goveinment, and academia. The
11'1)'T’" Forum is the other annual workshop. «ndis conducted in the autumn.  Participation in this
workshop is limited to IPDT members only and some program office personnel. At this workshop
the emphasis is on the IPDTS’ road maps, and on cross: fertilization of ideas among the 1IPDT's,

Technology Selection

After the initial phase of technology analysis-  where a suite Of breakthrough technologies will be
incorporated within the roadmaps of the IPIYTS  the specific recommended technologies will be
subjected to @ more rigorous sclection process  Fourindividual evaluations take place in the
process of identifying technologics for development forvalidation flights, as described in the
following.

1. Assessment of Technology Value

Once the IPDTs have identified a set of sevolutionary technologies, the question as to which of
them should be space-flight validated mustbe addressed. The following criteria have been
established and will be applied relative to cachteddmology to assess itS value for incorporation into
NM]" validation nights:

A. TImpact on 21st century scicnee missions
B. Revolutionary nature of breakihrough
C. Risk reduction by flight vahdation



Within these categorics, the technologies will e evaluated ona scoring system from 0-3, as
indicated in Table 1:

TABL.E 1. TEC HNOLOGY VALUE C RITE RI1A

A . Impact on 21st century  scicnce missions (Value ()-3)

3 Critical for many missions

2 Critical for some mission 1y} s ind/or «~aluable for many
1 Valuable for some mission types

0 No significan t impact on fulun ¢ i ssions

B. Revolutionary natur¢ of llll'iikl}ll()llgll (\](llll(' )-3)

3 A completely new approach with ordess of miagn itude improvement in factors relevant to mission
lifc Cycle costs

2 Aniamprovement offeting a 10 fold impovement in relevant factons
I Animprovement offering Jess than o 10 {old enhancement in relevant factors

0 Anincremenital improves nent

C. Risk reduction by flightvalidation (Value 0.3)

3 Hight validation is bothnecessary and -ufficientto ensure the incorporation of this technology
into future science missions

2 Hlight validation will sigmficant! v redu ¢ the perceived 1i sk of incot poration compared to ground
validation alone

[ Flight validation willteducethe peicein i tisk o f incot poration compared to ground validation
alone

0 Hlight validation o ffers no advanagos over ground validation, o1 ground validation is sufficient to

The Technology Value is obtained by multiplying the individual scores from the three categories:
Technology Value = Ax B (

This is equivalent to alogical requircinentthar al thiee conditions arc necessary, i.e.. it is the
overlap of the three attributes that determinesthie prionty for validation onan NMP flight, as
shown schematically in Figure 6.
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Preliminary Technology Values will beassignedby the 111 )Ts to the technologies they propose for
flight. A final score will be assigned by thel ‘t ogram Manager based on the IPDT input, and
normalized across tecams. Technologics propose.d by sources outside the 11'1)"1's will be evaluated
and assigned a Technology Value ditcctly by th.Prog rany Manager.  The NMP Science Working
Group (SWG) membership, including othic: niainbers of the science community brought in to
augment the expertise for the associated fiig m, wi 1 1also be asked to provide Technology Value
scores for al the technologics under consideration.  Inany case where the SWG assessment is
consistently at variance with the 11'1 Y1 nora Lzedscores, the Program Manager will work with the
IPDT and SWG members to resolve the divey cpancy and arrive ata finalscore.

2. Readiness Probability

The technologies will also bc eévaluated us to theirprobability of readiness for a given flight, and
thus what the probability is that, if sclected, they will be delivered on schedule and within budget
for integration into the relevant validationthy ht.  The Readiness Probability is based on an
asscssmentof the technology "Smatunity- tht1s how close it is to its final stage of development--
-and thus its likelihood of delivery on thncandwithinbudget.

Preliminary Readiness Probability will be assigned by the IPDTs. In some cases, a Flight Team
will already have been identified for i niissior, andthey will have the prerogative to further
investigate the basis for these values.  Aficiconsalting with the 1P co-leads, thely will finalize
the scores based on this more detailedevaluaton. The Readiness Probability for technologics
proposed by sources outside the 1PDTswill boussigned by the respective Flight Team. 1f the
Fightl.cads have been identificdatthis point, the Readiness Probabilit y will be reassessed once
[hey arc brought on board.

3. Determination of Expected Value

Since individual NMP valid ation flighit s hwstdefine and meet concrete integration and test
schedules, the effective valuc of atechnoloyyassociated witha givenflight depends notonly On its
“raw” Technology Value, defincdabove butals.em the probability that it will be delivered in time
for flight. An adjusted value score. the }ixpievted Value,is obtained by multiplying the Technology
Value by the Readiness Probability:

Expected Value = Teclimolepy Value x Readiness Probability



‘I’hose technologics with the highest I xpecied Value are the mostlikely candidates for flight
exccution on NMI” validation flights.  Tuble I summarizes the responsibilities for  generating
preliminary and final scores of individualtechnologie s proposed for flight validation.

TABLE 11. RESPONSIHE 11 31y FOR ASS 1G NING TECHNOL ,0GY SCORES

I - GENERATE ~ APPROVI

Technology Value 1 11/SWG Program Manager

Rcadiness Probability DT 1dight1 cad J
4. FLinal Sclection Process

After evaluating the 1 ixpected Value of (a(1) of the technologies proposed by the 11'1)' 17, the ADT
Will use these data 1o generate severalicfined candidate advanced technology  payload flights
focused on validating the highest priority technologies. ‘1 he Prograny Manager will determine the
optimum mix of technologics for any givenvalidationflight or set of flights.

This final determination will be bascd onevaliating sets of technologics matched with appropriate
potential validation flights, with consideiationgiven to:

i) thecombined Expected Vidue of the 1-chnologies and their compatibility for integration
into candidate validation plationms.

i)  funding availability vs.oveialinission costs including those associated with the
development, integration, on-boar ¢ oper at ion, and validation requirements of the
technologies

iii) overall programmatic guidclines and constraints in spaceciaftimass, size, power and
flight schedule

iv)  other programmatic consideration\, suchasthe net scientific value of the flights, the
cost-cffectiveness Of the validition plans, the schedule of planned science missions
requiring or benefiting fron thetechnolog ic s, and the ensuing benefits to the US
industria infrastructur ¢ and corucraal space entel ptisc.

The final outcome is a recommendation to NA SA 11Q of a set of validation flights with their
associated technology complements. Aficraceetance by NASA 1 1Q, Hight Teams will be formed
and Flight 1 cads identified.  They will provide amore detailed assessment of the integration ant]
validation of the impact, cost, andotherconstraints of the sclected technologies. 1 any
incompatib jlitics emerge, they will be bioughifcaward to the PrograimManager for resolution.
The decision processes in the techniolog v selectionphase are shown schematically in Figure 7.
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‘J’ ethnology Flight Acceptance

Once a breakthroughtechinology 1ias bev s approved by NASA HQ for validation on an NMP
flight, there still remain two tasks to cnsw cits soccessful delivery on schedule and within budget
to thelight Teain.

«  Technology Classification

«  Passing Readiness Gates.

Technology Classification

The impacton a validation {light of failwico 1 a t cchnology to achicve readiness on schedule for
flight depends on the nature of the techmology andits assigned role in the flight. To assess this
impact and designate the manner in which thie des clopment process must be managed, we classify
the technologies into three categor its.

Category 1., . ..1issent ial.

Technologics in this category arc cssentialto the nission- --the proposed flight cannot be carried
out asdesigned without this technology.  Ancxample issolar electric propulsion (SEP) for the first
decp space flight. Without SEP,{lyby ol1hcselectedCOnetand asteroids cannot be achieved on
the designated launch vehicle. Thus, failure toa¢ hieve readiness intime for flight would require a
redesign of the mission itself. in general, only atew technologics will be selectedin this category.



Category 11:_ .1 ‘undamental

These technologies arc fundamentalin thatthe mission canmot be carricd out as defined without this
functional capability, but existing technologiesconldbe substitutedif the breakthrough technology
didnot pass all three gates. Since theaimolthe NMP flights is to PYO vide testbeds to demonstrate
new capabilitics in their full operationalim ic th. majority of technologics sclected are expected to
fall into this category.

Category 111:__Enhancing

Technologics in this category simplycnhincethcovera technology value of the mission, and are
considered experiments.  The functional ( apabilitics they provide are not required for the
completion of the mission as designed, andthacforeil they donot pass the three gates, the
mission can simply bc flown withoutthen “1'ypically, these technologics represent key enabling
features of future capabilities flownas precusorsof the ful I system capabilit y.

Technologics selected for flight wili be (ale’ (Ftiz.d by the 1 light Team,
Passing Readiness Gates

Program Management has defincd e readiness checkpoints, or gates through which the
technologies must pass on their way toflightaccoitance. ‘1 'hethree gates are defined and described
below:

1. Technology Readiness Revicw
2. KeyTechnology 1lardwaro/Software Demonstration
3. System Hardware/So fiwate Deinonstration

1. T'cchnology Readiness Review

The first gate will consist of awrittenieview 0 1the respective technology’s readiness state by a
peer review group, sclected by the Flightc.anl.cads, who will be experts in the ficld of that
particular technology. The review will coverthistatus of thie technology’s development to date,
and the cost needed to deliver it on s¢licdule forinfusion into the validation flight. 1t will also
cover the proposed in-flight validationapproact 4 *he ‘T'echnology Readiness Review will be
conducted before or during the Interinie 1)cspn Concurience R eview.  If the technology
successfully passes this gate, that is, if theieviewindicates a viable plan to develop and deliver the
technology within budgetand on t nuc, itwillmove on to the next gate.

2. Key Technology Hard ware/Sof tware | danonst ation

The second gate will consist of ademonstiation of the key features of the technology’s hardware
and/or software, to determine whethes they nhcet planned specifications, and whether development
is on schedule.  Thisdemonstiationwi | the conducted before orduring the Detailed Design
Concurrence Review is held. A review group, consisting of expertsinthe relevant technology anti
flight tcam experts, will be designated by the Hizht ' Team 1ead.

3. System Hardware/Software 1cimonistration

The third and final gate consists of a systenJeve i demonstration of the technology’s hardware and
soft ware. At this gate, the technology will i x tested yetagain, to determine that the overall system
functions as specified, and whether the teelnalog y willmeet its delivery deadline. Maintaining as
much continuity as possible, the Hight Tciun 1 cad will identify a review groupto carry out this
final review. The third gate will be ¢ oneluctedi before the start of Assembly Test and ] .aunch
Operations.

The technology provider and the 1 light 1 can 1 negotiate the content and schedule for the
three gates. A simple form will be signed by both to document the negotiated agreement. A risk
balance will naturally be achievedintl wese neyotiabonssiuce the light Team desires a solid
complement of technologies to miakc a wort Ihwhile and exciting flight, and the technology
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providers desire the Flight Team to success {1 by demonstrate their technologies. The 11'1)'1's will
facilitate the development and deh ver y of U he iechnologies, and in that capacity will provide
advan ced and timely advice in @ proactive taasian o to the Flight Teanmy. Continued funding of the
technology through todelivery tothe 1hipht Teaniiscontingent (m successfull y passing each of the
three gates. The decision processes in the dedver y of technologics for flight aceeptance phase are
shown schematically in 1 dgure 8. A sunnnary of the entire Technology Selection Process is shown
in Figure 9.

It should be noted that the decisionmiak i ng processesinthic identification of  high-priority
candidate technologies phase andtiictechnology selection phase are not strictly sequential and
lincar as indicated in this model. For examnyple.athe startof the first phase,the 1} '1)1’ areas were
identificd based on an initial asscssment of the tcchnology pipeline. By the end of the phase, the
range of high-priority technologies identificiibythic technology experts in the IPDTs, or brought to
the Program’s attention by otheisources, iy call for a reexaminat ion of the team areas and
scopes. Similarly the approach toteclniolopy andflight set selection in the second phase is
inherently a concurrent process, calling for o initial evaluation and subsequent cycles of
refinement leading to afinal decision. ‘1'hes: leedback Toops are omitted from the figures and text
for simplicity. ~
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SUMMARY OF TECHNOI.OGY AND FLIGHT SELECTION PROCESS
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CONCLUSION

The New Millennium Program is developing andlilight-validating revolutionary technologics to
enable anewerain space flight, onc wherethere will be fiequentlaunches of  low-cost, highly

capable spacccraft. Starting in 1998, itwil I Laun.h three deep space and three carth orbiting

missions that Will test technologics being duveloped by its Integrated Product Development . Teams,
The technologies eventually acceptedand d liveredforflightvalidation will be chosen after being
subjected to a thtc.e-phase selectionprocess tocisure that they willprovide the specific capabilities

required for the science missions ofthenexteentur .




SCIENCE: o
© ‘ORIGIN AND EVOLUTIONOF |, . |
PLANETARY SYSTEMS L

@ CHARACTERIZATION OF OTHER " {
.PLANETARY SYSTEMS , .- |

. o J
, IMPL;MENTATIQN:’ ,
© CONSTELLAYION OF SEPARATED SPACECRAFT FORM AN
~INTERFEROMEYER IN HELIOCENTRIC ORBIT

'® LIGHT FROM YARGET I5 RELAYED TO CENTRAL SPACECRAFT

" ® SPACECRAFT ARE FLOWN IN PRECISION FORMATION

! | cAPABILITY NEEDS:
. ® CONSTELLATION POINTING AND CONTROL
. | ® HIGH PRECISION INTERSPACECRAFT METROLOGY
|® ACCURATE STATION KEEPING
\® QUIET SPACECRAFT STRUCTURES
® LOW-THRUST PROPULSION
®-LOW-MASS HIGH-QUALITY OPTICS

Figure ,‘ Extrasolar Planetary Inizging

W .cagsint
GALILED

8 OhisSFaVEKR

. man
‘.‘"“"""“"v MARS PATHFINDES

LTS )

¥ suavivon
o W voratiEn

MULTPROBE
MRS gLooal survEvoit Y b A .
- E - S M RINEE 16 Lo - .
RANGER ¥ ’“:WQ ' ) N“RVuAns‘:c:::;:?m“

: ‘s, LANDER
. OBARMIR 8 9 ¥ VL LAN v
MARKER 4

W s s e

CLEMENTING §¢
. VMARNF.R ?

MARS NOHU-"!‘.“W SYAROUSY
\' EioMir Re 1t
o LUNAK PRORPECTOR

PLUTO EXPRESS !

HEW MLLEMUM

NEW MELENRAM

Figure A Spacecrafl Dry Mass vs. i




' CONCURRENT

M1 ROWAVE L IMB SOUNDE R

= DES OYED ONUPPPER ATMOSPHE i
\ ) Ri GEARCH SATELLITE (1991)

<:‘..‘>’£
7 © ense s eaomcemnc e PLANETARY INTEGRATED
CAMERA SPECTROMETER
L OW-MASS COMPOSITE
STHUCTURE S MULTIPLEXED
f OREOPTICS ADVANCED
FOCAL PLANES

FRIE FLYING MAGRETOMETER

SENSOR ARD ELECTHONICS INTEGRATED ON CHIP
MICRO-ELECTRO ME P IANICAL SYSTEMS (MEMS)

] M
[
R

R
E-
E
C

-
1

o=

Fiourc o,




